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Only five (5) of the six (6) questions in this examination paper need to be answered. 
Each is of equal marks. 


Start each question on a new page. Identify clearly which question you are answering. 


Question 1 (20 marks) 


Question | is composed of 15 multiple choice questions. All parts should be completed and the 


answers transferred to your Answer book. 


1. ‘In general non-sister chromatids do not 


a. Always contain the same genes 

b. Have the same length 

c. Replicates of the same chromosome type, eg Number #1 
d. Always contain the same alleles 


2. In mice brown coat is dominant to black coat and is determined by 1 gene. From a cross of Bb 
brown coated mice to bb black coated mice of the resulting 100 offspring they would expect to 
have 


a. All brown coats 

b. 75 with brown coats and 25 with black coats 

c. 50 with brown coats and 50 with black coats 

d. Any number with brown or black coats, proportion can’t be determined. 


3. The genetic code is said to be degenerate because 


a. After translation the mRNA is degraded 

b. After transcription the DNA is degraded 

c. Most amino acids are described by more than one codon 
d. A codon can describe more than one amino acid 


4. A person with Down’s syndrome 


a. can only be male 

b. carries an extra chromosome 20 in their cells 
c. has only | X chromosome 

d. could have a 47, XX+21 constitution 


5. The role of tRNA is 


a. To serve as an intermediate in the decoding of genes 

b. To act as transporters bringing amino acids to the site of protein synthesis 
c. To serve as general translational components of the ribosome 

d. Both a) and b) roles 

e. Both a) and c) roles 


Question I is continued on the next page 


10. 


11. 
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In a genetic code translation table there are 64 codons. Of these how many actually code for an 


amino acid? 


a. 3 
b. 60 
c. 61 
d. 64 


In your answer book write the name of the 2 parts labelled A and B in the following diagram of 


a eukaryotic chromosome, in order. 


a «ae 


A mutation that results in a change of UGC to a UGG codon is called a 


a. Silent mutation 

b. Missense mutation 
c. Nonsense mutation 
d. Transition mutation 


During mitosis the stage where chromatids separate is called 


a. Telophase 
b. Anaphase 
c. Metaphase 
d. Prophase 


Mutations can be 


a. induced by chemicals in the environment 
b. ultra violet rays from the sun 

c. x rays from medical procedures 

d. spontaneously induced 

e. all of the above are possible causes 


A partial sequence of DNA froma gene is 5’ AACCGTGAC 3’. 


a. There are 3 thymine nucleotides in its complementary strand. 
b. There is a start codon present. 

c. The complementary strand is 5’ UUGGCACUG 3’. 

d. Cannot be transcribed as there is no start signal. 


Question | is continued on the next page 


Which statement is correct? 


12 


13; 


14. 


15. 
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For the following 2 questions use the pedigree below to answer them. The people shown as a 
dark square are affected with Duchenne muscular dystrophy (DMD) a rare condition. Assume 
the 4 males marrying into the family are non-carriers of the condition. 


The most likely inheritance pattern followed by DMD is 


a. Autosomal recessive 
b. X-linked recessive 
c. Cytoplasmic 

d. Y linked 


In the pedigree above the child indicated by the question mark (?) is a male. The probability 
that he is also affected with DMD is 


a. Unlikely because his father doesn’t have it 

b. Depends on his mother being a carrier like his aunt 

c. Has a possibility of (1/2)° = 1/8 if both his mum and grandma are carriers 
d. Is 100% as his 2™ cousins have it and he is a boy in the same family. 


A person is diagnosed as carrying a mutant copy of the BRCA1 gene. This person will 


a. Definitely get breast cancer 

b. Will pass it on to all their children 

c. Have a higher probability of developing breast cancer than other people in the population 
without this mutation 

d. Must be a woman to develop breast cancer. 


In a population of owls the lack of white tips to the feathers is due to an autosomal recessive 
allele. Assume that there are only two alleles in this population for tipping. The proportion of 
owls with white feather tips is 97%. The allele frequency for the “no white tip” allele is 


a. 0.03 
b. 0.17 
c. 0.97 
d. 0.98 


Question 2 is on the next page 


GENE250, Trimester 2 2015 
Question 2 (20 marks) 


A. Mitosis is a cellular procedure. Describe why mitosis is necessary to life and outline the 
major stages of mitosis using diagrams to support your discussion. 


B. Discuss any problems that may exist in undergoing meiosis if a plant is triploid. 


Question 3 (20 marks) Answer all parts of this question. 


Assume you are a genetic counsellor and your diary over a week includes the following 
appointments with phenotypically normal couples coming to see you. Each is expecting their 
2™ child and they are therefore concerned about recurrence risks to their new baby considering 


the genetic disorder shown in their 1“ child. 


Discuss how the condition might have occurred in the first child in the family hence how you 
would advise them considering both the recurrence risk within their family and compared to the 
population as a whole if relevant? What steps would you suggest could be taken to get a clearer 


picture of the situation if any? 


Table 1: Diary extract 


Family | 1* child Notes 


Wednesday 2 pm | Williams | Down syndrome Wife’s family has several cases of Down 
syndrome over several generations. None 


in the husband’s family. 


Wednesday 4 pm | Taylor Tay-Sachs Autosomal recessive condition. Some 
related families have had children affected 


also. 


Friday 11 am Jones Achondroplasia Autosomal dominant condition. No 


known family members affected from 


either side. 


Question 4 is on the next page 
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Question 4 (20 marks) 


Marjorie and Joe Winthrop are healthy, but only 2 of their six children can be considered 
completely well. Michael, the eldest, was born without arms and has an abnormal heart. Jacob 
born next is healthy. Marianne, the first daughter suffered near-constant stomach cramps till her 
parents realised she was allergic to cow’s milk. She also has impaired blood clotting and excess 
eosinophils which are a form of white blood cells active in allergy and worm infections. The 
next child, Adam, is healthy. The youngest two children, Mira and Pete, are twins. Pete is 


allergic to cow’s milk and has a minor heart abnormality. 


When Pete’s cardiologist asks for a family history and Joe mentions the various symptoms of 
the children, the doctor realises that the family has thrombocytopenia and absent radius 
syndrome (TAR). Marjorie and Joe’s parents (Kate and Mark, Lucy and Ben respectively) do 
not have any of these symptoms nor do their siblings. Joe’s younger brothers are Tom and Stan 


while Marjorie has older sisters Kim and Lee. 


1. Draw a pedigree of this extended Winthrop family. Indicate all you can about the phenotypes 
of the members. (8 marks) 


2. What does the fact that different individuals have different symptoms indicate about the 
condition? (1 mark) 


3. What is the most likely mode of inheritance of TAR? Is it easy to determine this? Explain 
your decision. (3 marks) 


4. Mira’s condition has not been mentioned. Would you expect her to be the same as her twin 
Pete? Why? (1.5 marks) 


5. Could you suggest a description for Mira’s condition? Why? (1.5 marks) 
6. Pete later marries a woman who is homozygous for the wild type allele of the gene whose 
mutations cause this condition. What is the probability that a child of theirs would be a 


carrier? Explain your answer showing genotypes of people involved. (2 marks) 


7. Adam also marries Jane whose family has had no indication of such a condition. What are the 
probabilities of their children (i) being affected and (ii) being carriers? (3 marks) 


Question 5 is on the next page 
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Question 5 (20 marks) 


A Drosophila species that lives in tropical regions of South America, D. polymorpha, can be 
found with three different body patterns called “light’, “intermediate” and “dark”. A Brazilian 
scientist did some preliminary crosses and developed the hypothesis that the body colour was 


due to two alleles at one locus, with dark being EE, light ee and intermediate Ee. 


A. (10 marks) 


To test this hypothesis he did a cross of dark to light and got all intermediate flies. He crossed 
some of these intermediate coloured flies and got 1605 dark, 3767 intermediates and 1310 light 
patterned flies. 


1. Diagram the two crosses that the Brazilian did to show his predictions. (4 marks) 


2. How would you decide if these crosses show support or not for the hypothesis? (1 mark) 


3. Copy the following table into your answer book and use it to help you decide if the second 
experiment shows support for the hypothesis. (5 marks) 


Table 2: Test table 


expected | expected 
class observed |__ ratio no.s (O-E)” 
Dark (EE) 1605 
Intermediate 
(Ee) 3767 
Light (ee) 1310 
6682 
Df = 
Table 3: critical values 
Df= x at 5% level 
3.84 
2, 5.99 
3 7.82 


Question 5 is continued on the next page. 
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B. (10 marks) 


Other geneticists studying this species sampled flies from the largest island in the area and 
counted 8070 flies. Of these 3969 were dark, 3174 were intermediate and 927 were light. 


1. Calculate the allele frequencies for the two alleles. (3 marks) 
2. How many would you expect to be in each of the genotypic groups? (3 marks) 
3. Is this population in Hardy-Weinberg equilibrium for body colour pattern? (3 marks) 


4. Is there a discrepancy in the number of flies for any of the phenotypic groups? If so suggest a 
reason for it. (1 mark) 


Question 6 (20 marks) 


A. Individuals within a population show many variations. The history of the Madriga island 
population shows that they were founded 270 years ago from people from near-bye islands 
and then because of a lack of good boat building trees were eventually unable to visit their 
original families. The original people all had black straight hair. Over the years sailors 
landed and stayed on the island and now some 56% of the people on Madriga have blond 
curly hair, 23 % black straight hair, 16% blond straight hair and 5% have black curly hair. 
As well they show several skills that have been absorbed from the sailors over this time. 
Nearly all the inhabitants of the original islands have black wavy hair while a small 
proportion ( ~11%) have black straight hair. 


Discuss how the initial variation in hair type could have come about and why it is so different 
now between the two island groups? You can use diagrams to help your discussion. (10 
marks) 


B. Determine the possible genotypes of the following parents by analysing the phenotypes of 
their children. Assume for this exercise that there are only 2 alleles for each gene and brown 
eyes (B) is dominant to blue eyes (b) and that right handedness (R) is dominant to left 
handedness (7). Show your working to explain your answers. (10 marks) 


1. Parents: father has brown eyes, right handed X mother with brown eyes, right handed 
Children: %4 brown eyes, right handed and % blue eyes, right handed 


2. Parents: father has brown eyes, right handed X mother with blue eyes, right handed 


Children: 6/16 blue eyes, right handed 
2/16 blue eyes, left handed 
6/16 brown eyes, right handed 
2/16 brown eyes, left handed 


3. Parents: father has blood type A X mother with blood type B 


Children: daughter with type AB 
Son with type B 
Son with type O 
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mRNA translation table on the next page 


The mRNA Genetic Codon Translation Table 


Second ribonucleotide 


First ribonucleotide - 5’ 


o> fac fae> fc fee> fc fe> Bec 
/€ - ApHospnuogyi pa, 


Abbreviation Abbreviation 
Ala 


Alanine 


Leucine 
Arginine Arg Lysine 
Asparagine Asn Methionine 


Aspartate Asp Phenylalanine 
(Aspartic acid) 


Cysteine Cys C Proline 


Glutamate Glu E Serine 
(Glutamic acid) 


Glutamine Gln Threonine 
Glycine Gly Tryptophan 
Histidine His Tyrosine 


Isoleucine Valine 


This is the end of the exam paper. 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


